Abstract-Desulfovibrio vulgaris Hildenborough genome presents a phosphotransferase system putatively involved in the transport of carbohydrates. However, utilization of sugars by this sulfate reducing bacterium has never been reported. Herein, we have observed proliferation of D. vulgaris Hildenborough with some car bohydrates, in mutualism with Stenotrophomonas maltophilia, a non fermentative, gram negative gam maproteobacterium, or Microbacterium, a gram positive actinobacterium. These results suggest the impor tance of feedback interactions between different heterotrophic bacterial species including the alternative for D. vulgaris of exploiting additional organic resources and novel habitats. Thus, D. vulgaris strongly partici pates in the mineralization of carbohydrates both in complex natural and artificial systems.
Desulfovibrio vulgaris subspecies vulgaris strain Hildenborough, a member of the delta subdivision of the Proteobacteria group, is a typical example of sul fate reducing bacteria, i.e., it uses sulfate as terminal electron acceptor for the heterotrophic oxidation of a few organic compounds including lactate, pyruvate, formate, and some primary alcohols [1] . Hydrogen in creases the growth yield on lactate and growth on ace tate plus CO 2 , with H 2 as sole energy source, is also possible [2] . D. vulgaris Hildenborough fermented pyruvate in the absence of sulfate [3] . Due to the pres ence of an incomplete tricarboxylic acid cycle [4] car bon sources are generally oxidized down to acetate [5] . To date, utilization of sugars by D. vulgaris Hildenbor ough has not been reported. Utilization of carbohy drates has been reported for Desulfovibrio fructoso vorans [6] , D. zosterae [7] and D. cavernae [8] .
The putative phosphotransferase system (PTS) genes present in D. vulgaris Hildenborough genome [9] have been scarcely studied. Sequence homology analysis suggests that D. vulgaris Hildenborough could potentially transport PTS sugars of the mannose fam ily [10] . The additional presence in D. vulgaris Hilden borough of genes encoding enzymes of the EmbdenMeyerhof-Parnas pathway [9, 10] , the degradation pathway of PTS transported sugars, indicates that mannose class sugars may be degraded by this pathway to pyruvate, producing ATP by substrate level phos phorylation [10] . D. vulgaris is a common member of diverse microbial communities from soils [11] and a variety of environments and actively participates in the complex process of organic matter degradation. PTS transported sugars are common carbohydrates likely to be found in natural habitats where D. vulgaris has been detected [12] .
In order to define conditions for potential growth of D. vulgaris Hildenborough on several carbon sourc es, including several mannose PTS sugars, this strain's growth was examined under different conditions in cluding interactions with other bacteria.
MATERIALS AND METHODS
Growth conditions. A volume of 100 μL of a Desul fovibrio vulgaris Hildenborough culture in exponential phase of growth (OD at 600 nm 0.37), measured with a Hitachi U 180 spectrophotometer, was inoculated on modified A1 medium [13] PCR amplification and analysis. The extracted DNA [14] was used as a template for a PCR amplifica tion of the 16S rRNA gene sequences. The PCR prod ucts were analyzed by Denaturing Gradient Gel Elec trophoresis (DGGE) [15] . PCR reactions were carried out in a total volume of 25 μL containing 3 μL of the above suspensions (previously heated for about 5 min at 95°C for cell lysis), 1× PCR buffer (TaKaRa Bio. Inc.), 200 μM dNTPs, 1 μM of each primer 341FGC and 518R [15] and 0.125 μL of Ex Tag (TaKaRa Bio. Inc.) (5 U μL -1 ). The PCR cycling reactions included an initial denaturation step at 95°C for 2 min, followed by 35 cycles at 95°C for 20 s, annealing at 55°C for 20 s, extension at 72°C for 40 s. The last cycle was fol lowed by 10 min at 72°C. Bacterial 16S rRNA gene fragments from known strains were used as migration markers for gel comparison: Escherichia coli K12 (CECT 433), Paenibacillus sp. DSM 34 and Strepto myces caviscabies ATCC 21619. Relative quantifica tion of DNA band intensity after DGGE analysis was carried out as previously described [14] .
RESULTS AND DISCUSSION
In the growth experiments, no colonies were ob served next to the filters containing mannose or glu cose, but colonies presenting a white gray coloration were found next to filters with fructose, arabinose and xylose. Growth was also observed for mannitol and myo inositol. DGGE analysis (Fig. 1) showed addi tional bands to the ones corresponding to Des ulfovibrio vulgaris Hildenborough indicating that those colonies were formed by cells of different micro organisms, and therefore that white gray colonies contained contaminant microorganisms, which were growing during the incubation procedure. Re covery of the bands followed by sequencing allowed the identification of the microorganisms developing in the cultures: Stenotrophomonas maltophilia (Blast E value 4e -69 ) and Microbacterium sp. (Blast E value 3e -56 ). Suspensions of the colonies were ob served under a phase contrast microscope. Des ulfovibrio motile cells were observed and many cells were larger than the ones observed in lactate/sulfate cultures. Slightly curved and straight motile rods were also present. One hundred microliters of suspensions of tip collected colonies grown under a nitrogen at mosphere on medium lacking the addition of sulfate were re inoculated in a lactate/sulfate Postgate's me dium C [11] . As shown in the DGGE analyses of Fig. 2 [17, 18] , often being a dominant member of the rhizosphere microbial community [19] . Microbacterium rhizosphere isolates have also been reported [20, 21] . The reported utilization of car bon sources by Microbacterium sp. and S. maltophilia is heterogeneous, for instance, growth on fructose or mannose is only possible for some S. maltophilia strains and most strains are unable to use arabinose [18, 22] . The type strain S. maltophilia LMG 958
T is unable to utilize arabinose and xylose [23] .
Both S. maltophilia and Microbacterium are aerobic bacteria. However, persistence under suboxic or anox Our results suggest a role for hydrogen in the mutu alistic associations with D. vulgaris Hildenborough; relative quantitative analysis by DGGE of the experi mental communities forming colonies on media sup plemented with specific sugars (except in the case of mannitol) showed a higher percentage of D. vulgaris cells in the presence than in the absence of hydrogen (Fig. 3) . Considering the ability of D. vulgaris to grown on hydrogen, it is possible that the use of metabolites produced by the co cultured bacteria is incremented. Hydrogen uptake could also be associated with the in crease of a proton motive force and a proton symport of several metabolites or primary substrate, such as the one previously described for myo inositol [27] . At this respect, we have observed proliferation of D. vulgaris on maltose only when sulfate and hydrogen were present.
An inhibitory effect of AQDS on D. vulgaris Hildenborough has been observed because growth re mained undetected and no band through DGGE analysis was observed in the media supplemented with ADQS (see Figs, la and b) . Shyu et al. [28] have pro vided evidence that AQDS enters Shewanella oneiden sis and causes cell dead if it accumulates past a critical concentration. A similar effect could also explain the inhibition of D. vulgaris Hildenborough by ADQS during this study.
In conclusion, we have identified two microorgan isms allowing cell growth of D. vulgaris strain Hilden borough in the presence of several carbon sources which are substrates that can not be utilized by this sul fate reducer. Further experiments are required to un derstand the nature of these mutualistic associations and the implications for the metabolism and microbial interactions of these bacterial species. Nevertheless, the presented results can explain the growth of the sul fate reducer D. vulgaris in complex systems with abundant organic matter where sulfate reducing bac teria usually play a critical role in the decomposition of organic compounds. Beyond their obvious function in the sulfur cycle, sulfate reducing bacteria play an im portant role in global cycling of elements [29] . For ex ample, in the carbon cycle, the sulfate reducing bac teria have been hypothesized to form part of microbial consortia that completely mineralize organic carbon in anaerobic environments; polymeric materials (e.g., cellulose) should be first depolymerized and then me tabolized by fermentative microorganisms [30, 31] not sugars [9, 32] . The evidence shown in this study corroborates the role of sulfate reducing bacteria, in particular of D. vulgaris Hildenborough, in microbial mineralization and degradation processes of organic matter and carbon cycling in nature through interac tions with other heterotrophic bacteria. 
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